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Why mixtures ?

Mixture vs. simple nuclide =in the real life: mainly mixtures

Often-used module in other applications
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Go to Nuclide Mixtures Application...
"

nucleomr.;‘.' ... web driven nuclear science

Applications My Preferences ¢} Networking - Nuclear Science (% Help 7 New Browser Tab *| Logout

» Application Centre Welcome,

Wy Settings Administrati
» New: Mass Activity Converter My Settings = ministration
¥ Mass Activity Calculator !

» New: Decay Engine++ / > My Applications

» Decay Engine Mass Activity Converter

» New: Dosimetry & Shielding++ side Dates

. R Decay Enging++

» Dosimetry & Shielding yEng
) Cosimetry & Shielding++

» Range & Stopping Power

e-Ship++: radiclogical transport

# Actual Chart: Karlsruhe » In Silico Dosimetry assistant

» webKORIGEN
» Decay Engine for Large Nuclide Sets » My Last Huclides

¥ Universal Nuclide Chant

* Search Hucleonica Documentation

Search » New. e-Ship++ radiological transport assistant
»

Muclide Search / Radiation Search Transport & Pacb:ag.ing
Muclide Mixtures

Mucleonica Scripting * My Nuclide Mixtures

o Ersion Module GE Juelich file 65

nucleon ICE.I-- Gamma Spectrum Generator BE Juslich file 30
[Wlkl] Gamma Spectrum Generator Pro

Virtual Cloud Chamber EE  Juelich file 40

Geantd Dosimetry EE  Juelich file S0

easy Monte Carlo
> My Sources / Packages

8B UOX, 1g, Cal37T+Am241
35 TOF13504TXT

Cambio file Converter
New: WESPA

WESPA

WESPA1 88 Decayed: R-Fu
Gamma Library 28 ppy

webGraph B2 Decayed: Pu-241
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My Mixtures nucleomca‘.‘ ... web driven nuclear science

Applications Data Knowledge My Preferences Print #3 Networking - Muclear Scie v Browser Tab

Nuclide Mixtures et e

Nuclide mixtures in
bold are Sample
M i Xt u re S My Mictures Edit

Import Sample Mostures

User defined nuclide mixtures

Other mixtures are
user Created ad a new Mixture)

Hatural Potassium 23102012 13:31:19
Fircaloy-4 10.09.2012, 191417
Fukushima spectrum

T.B0E+00 Y

HEU, highly enriched uranium
of 1.00E+00 Grams of | >060 afte YGE+01 Years(1.47E-02)

TO edlt CIICk On I'\;I}-E=1-'Kr-E:1mGenerator E 03
m IXtU re " U element 12.04.2010, 0

MNatural Uranium 038.04.2010, 15:50:06
Transuranics in 1 ton Spent Fuel 12.03.2010, 13:00:55
U232+Co60 10.03.2010, 13
Natural Thorium 10.02.2010, 1

All Mixtures (13)

D000 ddddd

Send to my contacts:

nucleonlca.'.'



help page e ion

5'- Help:Nuclide mixtures
ucleonica "g®

Level: Intermediate, .
te htrl & file for this document
Nuclide mixtures

Wiki page (Help) . o o

Full technical
documentation

ring the M
1.4.1 Running

Nuclide Mixtures

ndecays ons e s .

nucleonlca-'.‘



dit Nuclide Mixtures et o

Nuclide Mixture [ e R —rrr—
example:

IJ element

natural Uran|um Description:

1 g natural uranium (U234, U235, U238) with isotopes masses coresponding to the
natural abundancies

m Significant figures: | 4 |E|

v Element)
0.01264  3.252e+19 0.4860 5.310e-5 | 5400e-5
1.693 4 338e+21 0.02264 7A14e-3 | 7.204e-3
293%e+6 | 236.3 5.978e+23 0.4913 0.9928 0.9927
5981e+8 2380 6.022e+23 1 1.000 1 Click on Tatail... to rescale the mixture.

Element Mazs Cluantity Unit

U =] 233 |=|236.3 Gram |~
Gram

Becquers!

Curie

Mumkber of Atoms
Mole (atoms)

Reszet Cance

nucleonlca-'.‘
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Applications Data Knowledge My Preferences Print  #3

Nuclide Mixtures

Create
a new mixture:

My Moctures Edit Imnport Sample Motures

Zircaloy-4
Fukushima spectrum
zcquerel
7 in equilibrium with Ba
HEU, highly enriched uranium

f 1.00E+00 Grams of |

Natural Uranium

Transuranics in 1 ton Spent Fuel
U232+Co60

Natural Thorium

All Mixtures (13)

tacts:

orking =2

Nuclea

o New

... web driven nuclear science

letw

Browser Tab

0 = nY= wgc nj= wi = nj s wic g nji= e
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Create a new mixture:

Details
| "
In Edit tab, enter a nucleonica g® ... web driven nuclear science
name for the letu re Applications Data Knowledge Wy Preferences Print ¢4 Metworking -7 Nuclear Science &3 Help  «7 New Browser Tz
Enter short description =
Enter components > . Nuclide Mixtures Reference manue

,(add a new nuclide)”
« Choose a nuclide
« Select a unit

«  Enter the quantity e e
 Update grid
Save the mixture

My Mostures Edit Import Sample Motures

Quantity Unit

E| 201.0 Gram Update

nucleonlca-'.‘



Create a new mixture:

Details

Import Sample Motures

Wy highly enriched uranium, HEL

De=zcription:

isotopic compasition: 0.77% U-234, 90.20% U-235, 0.33% U-236 and 5.7% U-238.

m Significant figures: | 4 |E|

{add a new Muclide, add a new Element)

8210234 | 1.762e+9 | 7.659 1.971e+22 0.03272 0.9561 7.68%9e-3 | T.700e-3
9210235 7.205e+7 | 901.0 2.30%e+24 3.833 0.03910 0.9010 0.902
9210236 | 7.827e+B | 3.310 8.446e+21 0.01402 4.248e-3 3.310e-3 | 3.300e-3
9210238 | 1.095e+6 | 88.02 2.227e+23 0.3697 5.940e-4 0.08802 0.08700
Total: 4 1.843e+8  1.000e+3 2559e+24 4250 1 1.000 1

Click on  Total... torescale the mixture.

Element Maz= Quantity

U || 233 [=| 88.02 (=]

Feset

nucleonlca-'.‘




Zetting started

N u C I id 'E M i)(t U rES Reference mantal

My blistures Edit Upload Sample Mistures

Matmne

HELI, highly enriched uranium

Rescale feature...

Description:

igotopic compoasition: 077 % U234, 90.20% U-235, 0.33% U-236 and 8.7 % 1238

Rescale results

Nuclide
for exam p I e (acid 8 naw W lice)

971234 | 6.88347e-14 | 283248e-22 | 0.770000 7 65876e-3| 0.0077 0.956060

from 100 atoms to 1 kgl 921235 | 2.81501e-15 | 3.52050e-20 | 90.2000 0901014 | 0802000 | 0.0380883
9710 236 | 3.05835e-16 | 1.28348e-22 | 0.330000 3.31044e-3| 3.30000e-3 | 4.24781e-3
971238 | 4.27690e-17 | 3.43905e-21 | 8.70000 0.0880167 | 0.087 5.94028e-4
Total: 4 | 7.19983e-14 | 3.90727e-20 | 100,000 1.00000 | 1.00000 |1

Eletment Masz Guantity LInit
1e3 Gram

Save Mixture Reset Cance Decquerel
Curie

Mumber of Atoms
Mole




o .
Import a new mixture: nucleonica g ... web driven nuclear science

Applications. Data Knowledge My Preferences Print # Metworking - Nuclear Science () Help 7 New Browser Tab

Allowed File Formats

Description of format in 15t line: Nuclide Mixtures

* Nuclide, Activity (BQ)

g 9 0 g My Mixctures Edit mpaort Sample Motures

« Nuclide, Activity (Ci) ;
Browse a file to be uploaded: Import / Upload files:

L) NUCIide, MaSS(g) Datei auswahlen | Keine aus L s S sisting of rows with (see example file or

see File Form
& Nuclide (2.0 Quantity (in Bg, Ci, g,

Decimal separator
"

1
@ Period =
0.

* Nuclide, Atoms

11
Comma =
0,

),5

* Nuclide, Moles

), Nuclide, Atoms; Nuclide, Mols

For the nuclide, the following formats are
allowed:

» Co060, (no blank between the elemenr:
symbol and the isotope) Some typical running times

* Cs 137, (with blank), * Nuclides = 30,

» Mass Activity Converter <1s
+ Decay Engine++ 10s
« Tc-99m, (with hyphen and metastable * Dosimetry & Shielding++ 17s (no daughters), 20s (with daughters)
state) * Gamma Spectrum Generator 80s
+ Cambio File Converter <5s

- WESPA<T7s nucleonlca.'.‘

* [-123, (with hyphen)



Nuclide Mixtures

Edit Uplaad Sample Mistures

Sample Mixtures:
Pre-defined Mixtures

;e-144 FPr-144

37 FBal3afm 02042012 14:07:29

ukushima spectrum 2205202, 16:35:M

06.05.2011,1
atural Tharidm
atural Liraniurm 08.04.2010,15:50:06

1m Generatar

012 14:51:09

010, 14:31:18

010, 13:50:08

Send to hy Mixtur

nucleonlca.'.'



Create a new mixture:

Save & Download mixture

Py Mimtures Edit pload Sample Migtures

MNarme

by Mimtures Edit

IJpload Sample Mixtures

User defined nuclide mixtures

my highly enriched uranium, HEU

Dezcription:

My Uranium

isotopic composition: 0.77% U-234, 90 20% U-235, 0.33% U-2

(add a new Muclide)

9210234 1762e+6 | T7E50e-3 1.971e4 7.659e-3
9210235 7.205e+4 09010 : 0.9010
92 U236  7.827e+3 3.310e-3
921238 1.095e+3 0.08802
Total: 4 1.843e+6 1

Elemsnt Mazs i Unit

U232+Co60

Cs137 + Ba13

CERN

049 :
3.300e-3  4.248e-3
0.087 5.940e-4
1 1

j | Gram

Save Mixture 3 Cancel

j pdate

{create, upload a new Mixture)
my highly enriched uranium, HEU 06.05.2011, 141837
HEU, highly enriched uranium

My U232+Co60 Mixture

Hatural Uranium

Hatural Thorium

06.05.2011, 13:32:54
24 022011, 17:27:41
14.04.2010, 11:04:27
09.04.2010, 14:13:22

Decay of 1 Grams of 37 Rb 81 after 10 Hours  09.04.2010, 10:43:21

10.02.2010, 13:50:08

Transuranics in 1 ton Spent Fuel 10.03.2010, 14:31:18

10.03.2010, 13:36:26

=101 x|

Save i I_.'I Moty

My Recent
Doeuirents

=
x
.

* Mixture_my highly enriched uranium, HEU.xml
= Mictire_Mabursl Lieaniv, sl

= Micture _LC2 s, xml

= | Mixture _UOZ with 3 oxygen sotopes, ol

= Mioctures _AIZ). aml

= Mitures _AKE). aml

= Miodtures Al xml

= Mistures _All_rdf,2ami

(T File pame:

Flace:
——




Send a Nuclide Mixture to a

colleague

There are two possibilities to do this:

1. Download an already existing mixture to your
PC. Send this mixture as an email attachment
to your colleague. The colleague will have to
store this mixtures on his/her PC and then
upload it to the Nuclide Mixtures.

2. Use the Send to my contacts feature
(described here) in the Nuclide Mixtures:

(@) Tick

(b)

the check boxes for the
mixture(s) to be sent (assume
mixture(s) has already been created).

In the Send to my contacts, select the
contact from the drop-down list
(assume contact already exits in My
Contacts)

nucleonlcaﬁ.'

Applications Data Knowledge

... web driven nuclear science

My Preferences

Print ¢4 Metworking - Muclear Science & Help .7 Mew Browser Tabk

Nuclide Mixtures

Impaort Sample Modures

ed nuclide mixtures

Fullshima spectrum

B, highly enriched uranium

Nighighly enriched uranium, HEU

atural Potassium
Natural Thorium

Natural Uranium

Rb-81/Kr-81m Generator

Transuranics in 1 ton Spent Fuel

U element
U232+Co60
Zircaloy-4

Al Mixtures (14)

Send to my contacts:

10.09.2012, 19:14:17

(|
=l
(|
=l
(|
=l
(|
=l
(=
=l
(=
=l
(=
=l
'm |

i'
nucleonlca.'.'



Abundance and Enrichment

The quantities abundance and enrichment are often
confused. Whereas the abundance refers to a fraction of
the number of atoms or atom percent, the enrichment
refers to mass. The abundancies are given, for example.
In the Karlsruhe Nuclide Chart and in Nucleonica.

Abundance:

O [
99.757

o 0.00019

O 17
0.038

5 0.00054
Gn o 0.257

O 18
0.205

c 0.00016

The isotopic abundance of an isotope is the fraction of the atoms in the element of that
Isotope. Isotopic abundancies are usually expressed in atom %.

Enrichment:

Enrichment is normally used in connection with enriched uranium and refers to masses

l.e. uranium containing a greater mass percentage of uranium-235 than 0.72%.

Denoting the masses of uranium isotopes by m4 (mass U-234), m5 (mass U-235), and
m8 (mass U-238), the enrichment of U-235 in a uranium sample is defined as:

x5=m5/mU=m5/(m4 + m5 + m8)

nucleonlca.'.'



Exercises:
Creating and Using Nuclide Mixtures in Nucleonica

1. Create a nuclide mixture for natural uranium (metallic):

a) Create a nuclide mixture containing 100 atoms of natural uranium using the isotopic
abundancies given in the Karlsruhe Nuclide Chart (KNC) i.e.:

U-238: 99.2742 atoms U 234 U 235 U 238
0.0054 0.7204 99.2742
U-235: 0.7204 atoms . 280 ns/| 4.468-10° a
U-234: 0.0054 atoms ' A 0.07) ﬁ::ﬁ%ﬁf.# w 113..), &~
&=, o 98, or 0. “le” |o 95 o588 | sf a51

5.30953e-5 5.40000e-5

2 51164e+24 4 17068 3
2.53000e+24 420117 1 1.00000

nucleonlca-'.'



Exercises: Creating and Using Nuclide Mixtures in Nucleonica

2. Create a nuclide mixture for natural uranium dioxide:

a) Create a nuclide mixture containing 100 atoms for uranium oxide using the isotopic abundancies
in the KNC i.e.:

U 234 u2ss B U 238
SRZEIEE BRLZI0 2 ELOME, 0.0054 0.7204 99.2742
U-235: 0.7204 atoms, E 280 ns(| 4.468-10%a
U-234: 0.0054 atoms 1128, 2o 151213 A1 (0.07) [Ne, 7 166... J64du 113...;5:"?9
&, o 96, or 0.0 -3 o 95, oy 586 | sf !

In uranium dioxide (UOZ2) for every uranium atom there are two oxygen atoms. Hence add 200
atoms of oxygen with the isotopic abundancies given in the KNC i.e.:

0-16: 99.757 x 2 = 199.514 atoms gg 715? 80135 (0321?
O-17: 0.038x2= 0.076 atoms ' ' '
O-18: 0.205x 2 = 0.410 atoms o 0.00054

5 0.00019 O q 0.257 5 0.00016

b) Rescale the results to 3 moles (!) (click on "Total" in the grid to rescale the results)

fe+19 5.40000e-5

66 2.46908e+21 0.0041
0.00076

424 199514 A1 nucleonlca-'.'

Total: 6 5.98148e+6 270.028 1.60664e+24 3.00000




3. Create a nuclide mixture for natural UO, by adding elements U and O
(rather than nuclides)

'
nucleonlcaﬁ.' ... web driven nuclear science Click on new Nuclide
Applications Data Knowledge My Preferences Print etworking -7 Muclea - % Help -7 New Browser Tab x| Logout Or neW Element tO See
nuclides/ elements

Nuclide Mixtures

My Meeures Edit Upload Sample Moures ~Wl] - 3 2 1. 1+ 24 1.99514 0
0.00076 0
Name

o2

0.0041 0
5.40000e-5 0.486018
400e-3 | 0.0 4

Description:
of UDZ . . oA e
reated by adding elements of U and O 921 : - e = = 0491347
1.80664e+24

= & & 5 =8 &8

fadd ar

ge+6 238029 B.02214e+23

Total: 2 5.98148e+6 270.028 1.80664e+24 X Clickon To ta rescale the mixture.

Element IMass CQuantity

[~] 1

nucleonlca.'.'



4. Create a nuclide mixture for Zirconium Hydride ZrH,

nucleonlcaﬁ.' ... web driven nuclear science

Applications Cata Knowledge WMy Preferences Print ¢4 Networking «7 Nuclear Science 3 Help <7 Mew Browser Tab

Nuclide Mixtures

e Element)

1.61233 9.53432e+23 1.59982 0.0173675  0.615314
0 3.70595e-4 1.10807e+20 1.84000e-4 3.99191e-6 7.07692e-5

My Moctures | Edit | Upload | Sample Modures 407r90 |0 46 2560 3.09838e+23 0.5145 0.498253 | 0.197885
0

e 40 Zr 91 101996  6.75684e+22 0.1122 0.109867  0.0431538
218 402r92 | 0 157617 1.03280e+23 0.1715 0 0.169780  0.0659615
Description 4A0Zr94 0383151 163209  1.046652+23 0.1738 0.999975  0.175803  0.0668452
A07r96  9.49652e-6 2.68543 | 1.68620e+22 0.028 247847e-5  0.0289265 0.0107692
Total: 7 0.383161  92.8364  1.56576e+24 2.60000 1 1.00000  1.00000

S 585 88 8 88

Significant figures: | 6 El
fadd a new Nuclide, @§dd a new Elerment)
1H 0 o i 0.0173715 0.615385 ]
40 Zr 0.383161 91.2236 6.02214e+23 0.982629 | 0.384615 i

Total: 2 0.383161 928364 1.5657Ge+24 1.00000 1 mﬁ Click on Totsl... to rescale the mixture.

Element IMass Cluantity Unit
|E| 1 Mole (atoms)

Save Mixture Cancel nUC|e0nlca5.-




5. Create a nuclide mixture for
Zircaloy-4

Zircaloy-4 mixture: Using the previously
described procedure even more
complicated mixtures can be created.
One such example is Zircaloy-4 (Zyr-4)
which is used as a cladding material in
nuclear power reactors.

Composition of Zircaloy-4 (gram/kg
Zyr-4): H (0.025),B (0.0005), C (0.27),
O (1.6), Mg (0.02), Al (0.075), Si (0.12),
N (0.065), Ti (0.05), Cr (1.3), Mn (0.05),
Fe (2.4), Co (0.02), Ni (0.07), Cu
(0.05), Zr (976.559), Mo (0.05), Cd
(0.0005), Sn (17), Hf (0.1), W (0.1), U
(0.075)

Create a mixture using only the main 5
elements (which accounts for 99.8859
of the mass)

Applications Data

My Midures Edit

w

Knowledge

o o o o oo oo o0 o -0

410167
1.016671e4

Nuclid

Upload

Mame
Sn, Fe, Cr, O} 1.09676e-3

Total: 26 410295

0.100004
: 250019
0
410178
1.09676e-3
4.10295

76.559
17.0000 e
998.859 6.63417e+24

Total: 5 11.0163

Element Cluantity LInit

1 Gram

998.859

0.0997607

0
1.945658e-5

0

0.0170194
1

0.
26731024
"

Save as Sample

0.4999
0.108031

0.999688

1.00000 1.00000

S EICIEICIE]

1.00000

I I I




Exercises: Creating and Using Nuclide Mixtures in Nucleonica

6. Create a nuclide mixture for enriched uranium (metallic) where the U-235 enrichment is 4%
(include U-234 in the calculation).

Denoting the masses of uranium isotopes by m4 (mass U-234), m5 (mass U-235), and m8
(mass U-238), the enrichment of U-235, x5, in a uranium sample is defined as:

x5=m5/mU=m5/(m4 + m5 + m8)
In enriched uranium, assume the ratio of masses m4/m5 same as in natural U I1.e.
m4/m5 = 2.099e-24/2.812e-22 = 7.46e-3 (see Appendix)
= m4 = 7.46e-3*m5

M5 = x5*m8 / (1- x5*1.00746)

For x = 0.04, m8 =100 g: :
mS =4/0.9597 = 4.168 g, 920234 686346 | 002984 | 76770418 1.275e-4 0.8193 29844 | 3.033e-4
m4 = 7.46e-3*m5 = 3.109e-2 g : 3198e45 4000  1.025e+22 001702 003818 004000 004049
Now rescale to 100 g : 1194046 9597 2428423 04031 | 01425 09597 | 09592

Total: 3 8.377e+6  100.0 2 531e+23 04203 1 1 1

nucleonlca-'.'




Exercises: Creating and Using Nuclide Mixtures in Nucleonica

7. Create a nuclide mixture for enriched uranium dioxide where the U-235 enrichment is 4%
(include U-234 and oxygen isotopes in the calculation).

a) Start with the nuclide mixtures for I 2 new Nuclide

100 g 4% enriched uranium i.e. 2+6 002984 7.677e+19 1.275e-4 0.8193 2934e4 30334
3.198e+5 026e+23 0.01702 003818 004000  0.04049
1194e46 9597  2.428e+23 04031 | 0.1425 09597  0.9592

B.377etb : 2.531e+23 0.4203 1 1 1

b) In a second step, rescale the —

mixture to 100 atoms, 1.e. 15 | 117923 0.03033 5.037e26 08193  2984ed | 3.033e4
1264216 153 4.049 5724024 003818 0.04000  0.04049
4715816 3 95.92 593e-22 01425 09597  0.9592

3.310e-15 | 3.951e-20 | 100.0 1.661e-22 1

c) Now add 200 atoms of oxygen
isotopes as in example 2.

0.3197
0.01350
1.011e-4

0.07600
199.5

Total: 6 AaZe-: 300




Nuclide Mixtures

. web driven nuclear science

C
nucleon |ca~.'

Applcations  Data ledoe My Pref s Print gy Networking .« Nuciear

« User interface

My Mixtures
Wiki help

Edit

Create
Rescale

Import

Sample Mixtures g I

Download s

Natural Potassium
Zircaloy4

Fukushima spectrum

Natural Uranium 4.2010, 15:50:06
Transuranics in 1 ton E 2010,

U232+Co60

O|00|000O000EaEo
D000 006O600a

Natural Thorium

My Mogures Impert | Sample Mures

Send mixture(s) to contact

276+

 Abundance and Enrichment

1] [=] Gram
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Appendix
x5=m5/mU=m5/(m4 + m5 + m8)

In enriched uranium, assume the ratio of masses m4/m5 same as in natural U i.e.
m4/m5 = 2.099e-24/2.812e-22 = 7.46e-3

= M4 = 7.46e-3*m5

X5 = m5/(7.46e-3*m5 + m5 + m8) = m5/(1.00746*m5 + m8)
m5 = x5 * (1.00746*m5+m8) = x5*1.00746*m5 + x5*m8
m5 (1- x5*1.00746) = x5*m8

==>m5 = x5*m8 / (1- x5*1.00746)

For x5 = 0.04, m8 =100 g:

m5 =4/0.9597 = 4.168 g, .
m4 = 7.46e-3*m5 = 3.109e-2 ¢ nucleonlca.'.’



